BEST AVAILABLE COPY 




BEST AVAILABLE COPY 



PATENT ABSTRACTS OF JAPAN 

(11) Publication number: 07231291 A 



(43) Date of publication of application: 29 . 08 . 95 



(51) Int. CI H04B 7/26 








H04Q 7/38 








H04M 1/00 








(21) Application number: 06022633 


(71) Applicant: 


SANYO ELECTRIC CO LTD 


(22) Date of filing: 21 . 02 . 94 


(72) Inventor: 


EJIMA MAKOTO 



(54) DIGITAL CORDLESS TELEPHONE SET 

(57) Abstract: 



PURPOSE: To effectively save depleted power of a 
battery by interrupting power supply automatically when 
communication between a slave set and a master set or a 
public base station has a difficulty and the state lasts 
for some time. 

CONSTITUTION: Whether or not notice channel 
synchronization is taken is decided in the digital 
cordless telephone set by tuning in to a frequency whose 
input level is maximum based on electric field strength 
data. When the synchronization is not taken, timers A. 
B. whose expiration is set to a prescribed time are 
operated. The expiration time of the timer B is set 
longer than that of the timer A. Whether or not the 
timer B is up is confirmed succeedingly and when the 
timer B is up, a power switch 8 is driven and supply of 
power from a power supply section 9 to each section is 
interrupted. When the timer B is up whether or not the 
timer A is up is confirmed and when the timer A is up. a 
warning tone 7 is raised to be sent. 

COPYRIGHT: (C)1995,JPO 




-1- 



(i9)B*iH*iiF/f (J p) <i2) ^ |§ i|# It ^ ^ (A) (wmammsn 



m^jmB ¥^7^(1995) 8 a29B 



wi/inLV'i. 


jiftiin Mil t "- 1 1 1 <i* jjii m 1=1. 


F I 




H n 4 R 7/9R 
n. u *t D / / ^0 
















H 0 4 vr 1 /no 


IN 








/DUO— 5K 


HO 4 B 


7/26 X 




7605 -5K 




10 9 T 








m^<D§c2 OL (ife 7 H) 


(21)US»# 


<$H¥6-22633 




000001889 










(22) ABB 


¥J« 6 ^(1994)2 ^218 




:*:E«W PTKecR^a 2 TB 5 # 5 # 
































#9± 4<A mm 



(54) x-<i?i';Pn-Hl^x«3S«tt 

(57) imm 

[files] ilitftiiffilcj:9. «fiK>^»ijt(0^lft£%^ 




-1- 



*S*^;5^ ?> sift $ ixr < 5 ^ :^iy^tS«S:Sft L 

go 

B*fp1«:lfB#f ^>|gl&a?^2 0^^-r-x'J:, »^flrl&^«: 
[0 0 0 1 ] 

So 

[0 0 0 2] 

[0 0 0 3] ffl^M8i^ttM^>;^xAli. /^-y-^/u/N 
y^^r-JJ^v (PHP) *v^fi■r-r v?^/U3- Ki^:5^« 

[0 0 0 4] ^(D^tmmtLxiit. 



y h/#^ADPCM^rS:-efcoTm3R|$^Teig$n 
[0 0 0 5] |g4«:. y'^i^^;Vzi^YU7.%^(Ol»m 

RF^^^l^^St/RpT-vy (AMP) ll{Cj:o 

/U'7'-i/3i>' hn— /UKj^-v^U— ^) I7tt, TCXO 

-i^'fip^. ^fiaM«f^t7KfB3§SSior<i:) -C«^^n 
CPU2 3d^e>0»m^-^tCj:oT^ft$nS 

PLL (y'lu-Xny^ K/U-T") J^&^iX>-ir1^^ if 

(^^4^^«<^w'i:) 1 9<^ffi-^^Sij-, Sip^n^/iJ^ 

iRpy ^/^:5'^t/RFAMP 1 l?5^ibffi;^?$iX^RF 
ft-^<i:^l?l (1 ST) MI XIESSl 2-e^^Vy^L 

ft;^^^' YyJ>^(om.^<r>h^^ I F7.f/v^S0f I pry 

T^AMP 1 3^iiLTSi^)ffit-J:9^C/j:oTl^5o ^co 

So 

[0 0 0 6] 9:tC, IMC<TCXOSrfiJffiU-C. ^VMi 

^<n>mk^%\Z.^^X. VCO I F 1 8lCT-^£D^n 

K»ft-^^4:ll2 (2ND) MI XlHlKl 4-C]^Uf^:3^ 
v^Vi/L. I F>'^/i-i5'^U5I FAMP 1 S^ilLT^ 
2*Ffli^ife^ft^SrSit)airo ^LT. z.<n%2^^n 
Wk^'^^WSkm&X 6XK/4Uy h4ffiQPSK 

'cffiv>t>nsj»jgxw*-^cD-a-cfes) mii^ff^o 

t,ftZ(0^, IPy ^JU^ RX^ IF AMP I 5^mc'i8. 
[0 0 0 7];^V^r. TDMA^S[H]i^2 1 {C^^V^TT 

DMAtoa (^^iij^fS*(Lso:i^) 3£{ct?^ 

ft^a^^lCOV^rfl:. D/A3E»iHlK2 4tCTADPC 
M/PCM (PCM(l/NVu;^W^Xg|, ADPCMtta 

^a!3l[H]K2 BPF»J«(^fea^5/^$^^ 

t>grjK#. @jtsi««[piK2 7 ((tL, im(om^\zn^ 



(0 0 0 8] ^fc. ^ 5'ir->^/j:if<07'-^fi-^tcov> 

m\i<mm^»i e-^'ism^titzms tdma^ 

CPU2 3P^fC^3it5^^y (RAM) iC^m^ 

10 0 0 9] ii^{Hl!J(-ib^v>ril..««6<DS^(c«: 

iJ'd^eoiP^rft-^dS. lHlill$iJffillElK2 7t?l:aii^lcX 
^^cn. ADPCM/PCM(OA/D^^[hI^3 OJCT 

^^T'-i^'tCOl^ril. CPU2 30=iV hn— yuicj; 
^^IJ (RAM) f^t^^-aT^-y/WSrfflV^, r'-ijr 

^COV^T«. MlCTDMAftl3S|pIK2 9-CTDMAiiQ.S 

^^^^^ixfc^. a^^SU^MI X[h]^3 l-e. 7c/4i/7 
h4ffiQPSKCD|EP;i5tTi^n. I>tji^^. 
^/MCJC&i:fcVCOTX2 0 (i^{t{RlJcO/^^/^y^-s?=I>' 

^xt/RFAMP 3 2x^^ m^tixm:f3mm^ti^o 
^<o^. m:tj^tLnt^iS}m^<r>y'^imLxmm^ 

[00 10] m^. ^.T^^SSK (m^KEY) 

^^At)^-\z-:>i^x<Dmmi!>^nt>ti. ^itDTur^ 

lO 0 1 1] 

[0 0 1 21 SfoT. MS^X<D^m^hfZ'oX 



y^^^^^mi.xmisy->^»rri-^imi:nh 
^^^'^')}tmmtmmmm\z/^-yXL^Oo 
[0 0 13] zcDXoic^ ^mx\t. lassAism^, 

[0 0 14] :i^^m\t. t^^'^^mzm^X^^tifth 
<OXhy). ^WL-t^y^yT (D^mmM^^K.fzy' ^ 

[0 0 15] 

[0 0 16] ^fc, *f|*^2lC;^^;d>5»Wll, Wlsm 

T'clr^ic. ^^m\(D^^-7lSi,xi'm2(D^^^^:^^'-~ 
^^1 <^i5^^-^cofh^«lT^l^^tcffj|S»§# 

10 0 17] 

[0 0 1 8 J SJS§]BrfW»^att:. m^(r>^ 



-3- 



[0 0 19] )^±6Dssi^. "^m^mnL. iMm^n^-^ 

[0 0 2 0] 

MP^^mmp t(Dmm^^'^mt^j:r>x\,^^, ttz. 
^^cs(D^:^tmmf}-^mt^j:^x\^^^o . 

[0 0 2 1] III 2(1. *^0^i;:75^;5>^x>f v^:^/U3-K 
rvx-^i.^. RF - I FU2t. U 

net. =^pin^^m&5^^cmm^ti^^^ ^ s 
[0 0 2 2] ±la«^(Z)[HIB»f^^cov^Tlii^"t 

J^&m# (RFft^) (D^t^h. RF:7-<>rUi5?&U?RF 

T>:/\cx,<>XXti^mR?m^(0^ii^mm^ii. Mic 
j^Sf:^^^nSo W^m%^x\^. n/Ai/yVA^ 
Q P S K03EaSd5ff i^nSo i^^J^^^^m^A 
X\t. TDMA^mti:^(Dy'^i^^/\^^^^m^'ilt>f\. 

5o -tut. ir^fi^^asas-ctt. adpcm/pc 

y^B^itLx^n^mti^^t^^. 

[0 0 2 3] -13. ©jmeiCtl. Sft^lC. x.fv?^ 



S54lctti;f/i-So SJffllSSeirW:. rf • IFSI52 

j>^r^ h^h^xnm:^^ yi^8i:mmL, mmn 

[0 0 2 4] 1^3*1. nh^\i^\Z^ <2^*Sifi^^V>H 
J^S^-tjgjj-^^JgtcilASo r60*^S{cib%>-C. ^Sl 

^rf s;^n2/ h-cfes) o>^:^-^>^M*&i-So 
[0 0 2 5] *5SM(-;5^d^S7'-f v^^/W3-K 

tirvNS;5^SA^*:fJj»f-rS (SI) , ^LT. 
iX*V>i&^ (S llC:}3l/>TNoO*&^) {Cli. ff^^Pfl 

h^it^ (S2) o c:::-c. ^^-^BcT^^^^rplii. ^ 
•7B;dSi?'^Ar'? huytd^5d*Sr5t®L (S3) , 

i^r hLfc^-g^ (s3^c^ov^TYe s (Dm^) \a±m 
^mmr^ (S4) , 

[0 0 2 6] ^fc. i5'><-rB;i>i$'-r AT-J? h LTV^/£V^ 

^^M.T^ VLrzi>^t^^nmL (S5) , ^^at^ 

hLfc»^ (S5^C45V^rYe st^DS-g-) iCtt. »^|P 
l6^a5 7^1^»jLrff^^^igtii^?'^S (S6) o * 
fc. Ar!? ^L-CV^/i:^/^4&^ (S 6lc453^/^TNoO 
S^) icil, ^^r^^rs KD^SICMSo 

[0 0 2 7] -15. Wite^^^/^mm^t^ltWt^ (S 
1 WZ^^^XYe sCD^) (CJl. SSi^^i^tii 
^Xh^t^^t^^^-r^ (S7) , ^LT. S^i^Sr 
aiffiUTl^SS^ (S 7{CioV^TYe s<^«^) (Cfi, 
»^#^^«i5 7{C^LT»^i^O^^$:^^il:$^ (S 
8) fc«, »^I^Sr^^ttiLTV^<fV^»^ (S7IC 

*5V>TNo<0ii^) {Cit. ii:*){C^>r-7At^^-^B«r 
*^<^^U«9«(;iS^3ELT (S9) . PCH (SfP^tCig^^S 

^iW^^^w-rs^^Diy ho- ir) (D^h^\'ym&(n^m: 

yu-5^>^^|ltTi-S (S 1 0) o 



-4- 



10028] 

l@2l *5l^tC^^;d>S'r^t^^y^=i-Ku;^aS$ge 



[0 4] x^i^^/V3"Ku;^mfSco^»^"efc5^« 
[^#(0|ft^] 

1 r>Ti- 

2 RF • I Fa 

3 saiaaj 
6 umn 

8 WM^^yf- 

9 ttSE^ 

B 

PS ^« 
cs 



mi] 



Y 

./I 




-5- 



m2] 



2 



RF- IFfiS 













t_ 



4 



11 



[@3] 






-6- 



[134] 



14 



16 



"^RFAMP 



ISTMIX 

n 



IFAMP 



2NDMIX 



^ IFAMP ^ 



17 



VCORX 



I 



^18 , J ^33 


VCOIF 


KEY| 














\ 



\ ^20 



VCOTX 



^32 



_RF7'f A/^ 
^RFAMP " 



28 



.31 



fen 

MIX 



CPU 



^30 



A/D 



zn 



.25 



24 



*- D/A 



AMP 



-7- 



(19) Patent Office of Japan (JP) (11) Publication of Patent Application 
(51) JAPANESE PATENT APPLICATION (KOKAI)(A) 

Hei-Sei 7-231291 



(51) Int. CL. 5 ID Code Office Cont'l No. (43) Publication: Hei-Sei 8 (1995), 8/29 
Fl 

H04B 10/02 
10/18 

9372-5K 
H04B 9/00 M 

Verification request: not requested 

Number of claims of the invention: 2 OL 

Number of pages (total of 6) 



(54) Name of the invention: Optical Fiber Polarized Wave Mode Dispersion 
Compensation Equipment 

(21) Filed Number: Application Hei-Sei 6-20446 

(22) Filed Date: Hei-Sei 6 (1994) 2/17 



(71) Patent Assignee: Toshiba Corp. 



JP 7-231297 

[Note: Names, addresses, company names and brand names are translated 
in the most common manner. Japanese language does not have singular or 
plural words unless otherwise specified by a numeral prefix or a general 
form of plurality suffix.] 

[54] [Name of the Invention] 

Optical Fiber Polarized Wave Mode Dispersion Compensation 
Equipment 

(57) Abstract 

[Purpose] 

The purpose of the present invention is to suggest an optical fiber polarized 
wave mode dispersion compensation equipment, which can compensate 
transmission distortions trough optical fiber polarized wave mode 
dispersion. 

[Structure] 

A signal light (pulse signal), subject to the polarized wave mode dispersion 
from the optical transmission line 1, is received by a photodetector 3 via an 
equalization optical circuit 2 and amplified by the AGC circuit 4, and after 
that, it is identified by the identification circuit 6. Then the signals before 
and after the identification are compared using the differential amplifier 9, 
and by that a difference signal is obtained, and it is rectified and integrated 
and by that an equalization error signal is generated. Then a parameter 
control circuit 12 is used and by that the parameter ((|)k, 9k) is changed 
slightly and the direction of the decrease of the error signal is observed, and 
the parameter control is repeated through the control loop, and by that a state 
is reached where the error signal is automatically minimized. 
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[Scope of the Claims] 

[Claim 1] 

Optical fiber polarized wave mode dispersion compensation device that is 
equipped with: 

an equalization optical circuit where the polarized wave mode dispersed 
optical signal from the optical transmission line is used as the input, and 
where a first optical path, which imparts a constant group delay time 
difference relative to the orthogonal optical wave, and a second optical 
circuit, which has the function of changing the phase difference of the 
orthogonal optical wave in response to the control signal, and it has the 
function that it can mutually change the vibration amplitude rotation 
connection angle of the orthogonal optical wave in response to the control 
signal, are repeated N (N is any natural number) degrees, and series wiring 
connected, and the orthogonal optical wave of the polarized wave mode 
dispersed optical signal, is received, and the phase difference, the vibration 
amplitude rotation connection angle can be changed and controlled relative 
to a constant group delay time difference and a control signal; 

an optical signal receiver device that receives the optical signal emitted from 
this equalization optical circuit; 

a code (sign) identification device that identifies the code arrays from the 
received signal that is obtained from this device; 

an equalization error signal generating device, that compares the signal ' 
identified by this device to the signal received before the identification, and 
generates a difference signal, rectifies and integrates it and generates the 
equalization error signal; 

and a parameter controlling device, that generates and outputs a control 
signal relative to the phase difference and the vibration amplitude rotation 
connection angle in the above described optical equalization circuit so that 
the equalization error signal obtained by this device becomes minimized. 

[Claim 2] 
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optical fiber polarized wave mode dispersion compensation equipment 
according to the above described Claim 1, characterized by the fact that the 
above described second optical circuit is done so that it realizes the function 
of the mutual change of the vibration amplitude rotation connection angle 
only by twisting the polarized wave dependent fiber, which displays 
sufficiently low refractive properties at an angle corresponding to the control 
signal; and so that it realizes the phase change function by imparting 
partially a temperature change corresponding to the control signal to the 
polarized wave supporting fiber. 

[Detailed Explanation of the Invention] 

[0001] 

[Technological Sphere of Application] 

The present invention is an invention about optical fiber polarized wave 
mode dispersion compensation equipment that controls the transmission 
zone width of the optical fiber and compensates the polarized wave mode 
dispersion properties in the case of optical transmission systems with ultra- 
fast speeds and ultra-long distances. 

[0002] 

[Prior Art] 

As it is well known, regarding the ultra-fast speed and ultra-long distance 
optical transmission systems from optical amplifiers, there have been a lot of 
research and development directed towards the construction etc., of an 
optical cable system at the ocean bottom of the Pacific Ocean. Among these, 
there is the polarized wave mode dispersion (PMD), which is essentially an 
unresolved (pending) topic. Especially, the transmission distortions due to 
the optical fiber polar wave mode dispersion, that have not been a problem 
in the case of the previous technology, and that accompany the practical 
realization of the optical amplifier device, have become a serious issue for 
the development and research regarding the 10000 km grade non- 
reproducible relay (hook-up) optical transmission method. 

[0003] 
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The countermeasures for that are nothing more than the PMD compensation 
method has been reported not only as an initial research but also as 
experimental level method. In the case of the compensation method 
described according to this report, it is a method where at the signal sending 
end and at the receiving end correspondingly polar wave controlling devices 
are positioned, and the operation, conducting control whereby for each 
change of the polar wave controlling device at the signal sending end, the 
polar wave controlling device at the receiving end is controlled so that the 
error code coefficient becomes minimized, is repeated as the signal sending 
end and the signal receiving end are mutually communicating and matching, 
and by that, conditions are obtained where a minimum error code coefficient 
is imparted. 

[0004] 

However, according to the above described PMD compensation method, if it 
is used in a 10000 km grade optical transmission system, even when 10000 
km are reached it is necessary that in the space between the signal sending 
end and the signal receiving end, a mutual control information be 
exchanged, and this is extremely impractical. Then, because of the fact that 
the used polar wave-controlling device has no wave length dependency 
properties, there are the significant drawbacks that the polar wave mode 
dispersion that can be equalized is limited to special cases, etc. 

[0005] 

[Problems Solved by the Present Invention] 

As it has been described here above, in the past, in the case of the ultra-fast 
speed and ultra-long distance optical transmission systems, the 
compensation of the transmission distortions due to the optical fiber polar 
wave mode distortion, has been necessary, however, an effective method 
that solves this problem has not been invented yet. 

[0006] 

The present invention is an invention that has been conceived in order to 
solve the above described method, and because of that it is an invention that 
has as a goal to suggest an optical fiber polar wave mode dispersion 
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compensation device, which can compensate the transmission distortions 
due to the optical fiber polar wave mode dispersion. 

[0007] 

[Measures in Order to Solve the Problem] 

In order to achieve the above described goal, the optical fiber polarized wave 
mode dispersion compensation device according to the present invention is a 
device that is characterized by the fact that it is equipped with: an 
equalization optical circuit where the polarized wave mode dispersed optical 
signal from the optical transmission line is used as the input, and where a 
first optical path, which imparts a constant group delay time difference - 
relative to the orthogonal optical wave, and a second optical circuit, which 
has .the function of changing the phase difference of the orthogonal optical 
wave in response to the control signal, and it has the function that it can 
mutually change the vibration amplitude rotation connection angle of the 
orthogonal optical wave in response to the control signal, are repeated N (N 
is any natural number) degrees, and series wiring connected, and the 
orthogonal optical wave of the polarized wave mode dispersed optical 
signal, is received, and the phase difference, the vibration amplitude rotation 
connection angle can be changed and controlled relative to a constant group 
delay time difference and a control signal; an optical signal receiver device 
that receives the optical signal emitted from this equalization optical circuit; 
a code (sign) identification device that identifies the code arrays from the 
received signal that is obtained from this device; an equalization error signal 
generating device, that compares the signal identified by this device to the 
signal received before the identification, and generates a difference signal, 
rectifies and integrates it and generates the equalization error signal; and a 
parameter controlling device, that generates and outputs a control signal 
relative to the phase difference and the vibration amplitude rotation 
connection angle in the above described optical equalization circuit so that 
the equalization error signal obtained by this device becomes minimized. 

[0008] 

And especially, a second characteristic is that the above described second 
optical circuit is done so that it realizes the function of the mutual change of 
the vibration amplitude rotation connection angle only by twisting the 
polarized wave dependent fiber, which displays sufficiently low refractive 
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properties at an angle corresponding to the control signal; and so that it 
realizes the phase change function by imparting partially a temperature 
change corresponding to the control signal to the polarized wave supporting 
fiber. 

[0009] 

[Effect] 

In the case of the optical fiber polarized wave mode dispersion 
compensation device, through the structure that is characterized according to 
the above described first characteristic, the signal light, that has been 
subjected to the polar wave mode dispersion, is received a s a signal as it 
passes through the optical equalization circuit, and the code array is 
identified once, and the signals before and after the identification, are 
compared and by that the signal difference between these signals is obtained, 
and then it is rectified and integrated, and by that an equalization error signal 
is generated, and the parameter of the optical equalization circuit is changed 
slightly and the direction of the decrease of the error signal is observed, and 
the parameter control is repeated through the control loop, and by that a state 
is reached where the error signal is automatically minimized. 

[0010] 

Through the use of the optical equalization circuit that has a structure 
characterized according to the above described second characteristic, 
because of the fact that it is a circuit that is a polar wave sustaining fiber 
rotation connecting type optical circuit, it is a circuit that utilizes 
advantageously the physical properties of a polar wave dependent fiber and a 
polar wave sustaining fiber, and by that it realizes the function of the mutual 
change of the vibration amplitude rotation cormection angle and the phase 
change function. 

[0011] 

[Practical Examples] 

Here below, the practical implementation examples according to the present 
invention will be explained by using the appended diagrams as a reference. 
Figure 1 is a diagram that shows the structure of an optical fiber polar wave 
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mode dispersion compensation device according to the present invention, 
and in that, the signal light (pulse signal) from the optical transmission path 
1, which displays the polar wave mode dispersion, is used as the input for 
the polar wave mode dispersion equalization optical circuit 2. This polar 
wave mode dispersion equalization optical circuit 2 has a structure that is 
formed from the initial orthogonal optical wave mutual change circuit (90) 
21, the optical circuit path that repeats (the number of repeats is made to be 
N) the orthogonal optical wave time - group delay time difference circuit 
(Ts) 22N, the variable optical phase difference circuit (^k) 23 N and the 
variable orthogonal optical wave mutual change circuit (9k) 24 N, and as a 
final step, the orthogonal optical wave time - group delay time difference 
circuit (ts) 25. 

[0012] 

Here, the initial stage orthogonal optical wave mutual change circuit 21 is an 
optical circuit whereby the vibration amplitude of the orthogonal optical 
wave is mutually changed by only 90. The orthogonal optical wave time 
group delay time difference circuit 22 N of the repeat optical circuit part and 
the final step orthogonal optical wave time group delay time difference 
circuit 25, are optical circuits that impart a group delay time difference by 
only Ts relative to the orthogonal optical wave. The variable optical phase 
difference circuit ((j)k) 23 N of the repeat optical circuit part is an optical 
circuit that based on the control signal imparts only a (optical phase shift 
amount) phase change to the orthogonal optical wave. The variable 
orthogonal optical wave mutual change circuit 24 N of the repeat optical 
circuit path, is an optical circuit that based on the control signal imparts only 
a 9k (rotation connecting angle) vibration amplitude mutual change to the 
orthogonal optical wave. 

[0013] 

The signal light, which has passed through the polarized wave mode 
dispersion equalization optical circuit 2, is electro-optically changed by the 
light detection device 3, that does not have polar wave dependency 
properties, and then it is emitted and exits as a received signal pulse. This . 
received signal pulse is amplified to a predetermined level by the AGC 
(automatic gain control) circuit 4, through the preamp 41 and the return 
(feed back) resistance 42, and after that, it is send to the clock regeneration 
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circuit (CLOCK-REG) 5 and to tlie identification circuit (DECISION) 6 
(this point is made to be tlie identification point A). 

[0014] 

The clock regeneration circuit 5 is a circuit that from the input signal 
regenerates the same period clock as the transmitted signal, and this 
regenerated clock is send to the identification circuit 6. This identification 
circuit 6 is a circuit which from the received signal pulse signal and from the 
timing of the regenerated clock, identifies the code array in the signal, and 
the identified received signal pulse signal is send to the input end (+) of the 
differential amplifier 9 through the equalization filter (HEQ) 7, which 
generates the equalized wave shape at the identification point A. 

[0015] 

On the other hand, the received signal pulse signal code at the identification 
point A is delayed by the delay circuit (DELAY) 8, only by the time period 
which is necessary in order to conduct the treatments by the identification 
circuit 6 and the equalization filter 7, and it is send to the input end (-) of the 
differential amplifier 9. This differential amplifier 9 compares the identified 
pulse signal supplied at the (+) input end to the reference, the received signal 
pulse that has been supplied to the (-) input end, and the signal of their 
difference exits from that as an exit output. This difference signal is rectified 
by the rectification circuit (RECT) 10 and it is integrated by the low pass 
filter (LPF) 1 1, and it is send into the parameter controlling circuit 
(CONTROL) 12 as the equalization error signal. 

[0016] 

This parameter controlling circuit 12 drives the initial stage orthogonal light 
phase change circuit 2 1 of the polar wave mode dispersion equalization 
optical circuit 2, so that the imparted equalization error signal is minimized, 
and together with that it controls the parameters {^k, 0k) of the equalization 
light circuit 2 variable light phase difference circuit 23 N and the variable 
orthogonal light wave phase mutual change circuit 24 N, and by that it is a 
circuit that equalizes and compensates the polarized wave mode dispersion. 

[0017] 
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Namely, in the case of the compensation device, through the above 
described structure, the light signal (pulse signal) that has been subjected to 
the polarized wave mode dispersion from the light transmission line 1, 
passes through the optical equalization circuit 2 and is received as a signal at 
the optical detection device 3, and it is amplified by the AGC circuit 4, and 
after that it is identified by the identification circuit 6. This identified 
received signal pulse is compared, to the signal pulse that has been received 
before the identification, by the differential amplifier 9, and by that a 
difference signal is obtained, and it is rectified, integrated and by that an 
equalization error signal is generated. 

[0018] 

Then a parameter control circuit 12 is used and by that the parameter ((j)k, 
9k) of the polarized wave mode dispersion equalization optical circuit 2, is 
changed slightly and the direction of the decrease of the error signal is 
observed, and the parameter control is repeated through the above described 
control loop, and by that a state is reached where the error signal is 
automatically minimized. And by that, it is possible to compensate for the 
PMD distortions. 

[0019] 

Figure 2 and Figure 3 are both figures that show a simulation of the 
compensation device with the above described structure. Here, as the PMD 
transmission line model, the section group delay time difference is made to 
be 30 ps, and the number of sections is made to be 9. The optical 
equalization circuit 2 has a two stage (N=2) structure and Ts=60ps. 

[0020] 

Figure 2 is a diagram that shows the time wave forni before and after the 
equalization relative to the case where the optical signal has been subjected 
to a relatively large PMD distortion. Figure 2 (a) is a figure where the optical 
fiber that is used as the light transmission line 1 is a fiber which displays 
polar wave mode dispersion properties that are imparted to the transmitted 
light, and it is a diagram where the optical frequency [GHz] is presented on 
the horizontal axis and on the vertical axis the fiber transmission coefficient 
array component IPll(f)I 2 (vibration amplitude square properties) through 
the polar wave mode dispersion, is presented. Figure 2 (b) is a diagram 
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which shows the wave form of the received signal wave b, which has been 
subjected to the PMD distortion by the passage of the send signal wave a 
through the optical transmission line 1, and in this figure, on the horizontal 
axis the time is presented [ns], and on the longitudinal axis the light intensity 
is represented. Figure 2 (c) is a figure which shows the wave form of the 
received signal wave b', at the time when relative to the send signal wave a, 
the above described a compensation has been performed through the optical 
equalization optical circuit 2, and it is a figure where, on the horizontal axis 
the time [ns] is presented and on the longitudinal axis the light intensity is 
shown. 

[0021] 

On the other hand, Figure 3 is a figure where the time wave forms before 
and after equalization relative to the case where the signal light has been 
subjected to a relatively small PMD distortion, are shown. Figure 3 (a) ~ (c), 
are diagrams that correspond to Figure 2 (a) ~ (c), and because of that each 
of these detailed explanations are omitted. As it becomes clear from Figure 
2(c), Figure 3 (c), in each case, through the use of the equalization, the wave 
shape distortion, that has been introduced through the PMD, is diminished, 
and it was possible to confirm that the compensation device with the above 
described structure has an effective action. 

[0022] 

Moreover, in the case of the compensation method using the above 
described compensation device, by the extension of the optical equalization 
circuit scope (number of steps), it is possible to practically realize 
equalization properties which are appropriate for the particular circuit, and 
not only that, but also, because of the fact that it is not necessary to use a 
separate specific code signal for the optical equalization circuit, it can be 
stated that it is extremely practical. 

[0023] 

Figure 4 is a figure that shows the details of the structure of the above 
described PMD equalization optical circuit 2, and it is practically realized by 
the polar wave sustaining fiber rotation connection type optical circuit. This 
structure is a structure that has actual results as 2 wave length polar wave 
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control optical circuits (TWPC). For the polar wave sustaining fiber, for 
example, the so-called PANDA fiber can be used. 

[0024] 

And namely, this structure is a structure that is practically realized as in the 
space between the transmission line fiber 3 1 and the polar wave sustaining 
fiber 32, the directly connected polar wave sustaining fiber 32 and 33, and in 
the space between 33 and 34, the DSF (polar wave dependency properties 
possessing fiber) 35, 36, 37, at the level of 35 cm, so that the corresponding 
refractive properties are observed to be sufficiently small, are placed and 
they are melt adhered, and by the twisting of the DSF part, a stable circuitry 
connection is equalized and realized. 

[0025] 

ft 

In the case of this structure, the variable phase shift is practically realized as 
the polar wave sustaining fibers 32 and 33, are practically heated. According 
to the example in Figure 4, the length of the polar wave sustaining fiber is 
made to be 20 m, and on one part of its coil surface, the electrical transistors 
38 and 39, are attached and adhered, and by that, an orthogonal optical wave 
variable phase difference state is practically realized. The generation of the 
equalization error signal can be produced by using the usually used gallium 
arsenic integrated circuit (GaAsIC). 

[0026] 

In the experimental stage, by using the pulse generating device, a 2.5 Gb/s 
pseudo-random code signal is generated, and an LN light variation control 
device is used, and 1.55 micron light signal array is obtained, and the PMD 
wave shape distortion, that is generated by the imitation PMD generating 
optical circuit, is added and by that a PMD wave shape distortion possessing 
polar wave mode dispersion light wave is generated. And then, this light 
wave is used as an input to a compensation device with the above described 
structure, and as the hand-operated control is attempted for the PMD 
equalization optical circuit so as to minimize the equalization error signal,, it 
was possible to confirm that an almost complete equalization was possible. 

[0027] 
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Then, as the method for estimating the PMD by a practical circuit, from the 
received signal wave shape sample, through the use of the transmission line 
PMD equalization optical circuit synthesis, the transmission line PMD 
estimate is obtained, and it is compared to the imitation PMD transmission 
line parameter, and by that, the appropriateness of the estimate was 
confirmed. By that, it is considered that the practical circuitry PMD 
equalization optical circuit is easy to design. 

[0028] 

Also, regarding the completely automatic equalization, because of the fact 
that the variable phase shift part time constant of the PMD equalization 
optical circuit, is long, it is considered that the tie up is slow and difficult, 
however, this control algorithm has been sufficiently confirmed by 
simulation. 

[0029] 

Moreover, relative to the structure of the PMD equalization optical circuit, it 
shows a practical example structure that is appropriate for fundamental 
confirmation, however, in the practical use stage, it is possible to use the 
method where the equalization optical circuit has a structure formed where 
on the top of the LiNb03 optical IC there is a TE/TM exchange device, a 
phase shifter etc., to a structure where there is a Two-parallel sequence 
optical transversal filter: Electronic Information Communication Society, 
1993, spring season national convention edition) on the top of an optical 
circuit base board. In the case where these structures are used, it is 
considered that the stabilization properties and the fast response properties 
of the control of the equalization optical circuit, can sufficiently satisfy the 
requirements. Moreover, the present invention is an invention that is not 
limited to the above described practical examples, and different 
modifications are possible as long as they are within the range where they do 
not deviate from the essential elements of the present invention, and the 
same way they can be implemented in practice and there is no problem. 

[0030] 

As presented here above, according to the present invention, it is possible to 
suggest an optical fiber polarized wave mode dispersion compensation 
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equipment, which can compensate transmission distortions trough optical 
fiber polarized wave mode dispersion. 

[0031] 

[Brief Explanation of the Figures] 

[Figure 1] 

Figure 1 represents a diagram showing the structure of one practical 
implementation example of optical fiber polarized wave mode dispersion 
compensation equipment according to the present invention. 

[Figure 2] 

Figure 2 is a diagram showing the time wave shape before and after 
equalization relative to the case of a relatively large PMD distortion wave 
shape, that is a result of the same practical example simulation. 

[Figure 3] 

Figure 3 is a diagram showing the time wave shape before and after 
equalization relative to the case of a relatively large PMD distortion wave 
shape, according to the same practical example. 

[Figure 4] 

Figure 4 is a diagram that shows the fundamental structure of the PMD 
equalization optical circuit according to the above described practical 
example. 

[Explanation of the Symbols] 



1 optical transmission line, 

2 polarized wave mode dispersion equalization optical 

circuit, 21 orthogonal light wave mutual change circuit 

22N orthogonal light wave time delay time difference 

circuit 

24N variable orthogonal light wave mutual change 

circuit, 
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25 orthogonal light wave time delay time difference 

circuit (Ts) 

4 AGC circuit, 

41 preamp 

42 return resistance, 

5 clock regeneration circuit 

6 identification circuit 

7 equalization filter 

8 delay circuit, 

9 differential amplifier 

10 ..rectification circuit 

11 low pass filter, 

12 parameter control circuit, 

31 transmission line fiber, 

32 ~ 34 polarized wave sustaining fiber, 

35-37 DSF, 

38, 39 electrical transistors. 
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